Two endogenous rhythms, light-on and light-off rhythms, are associated with the photoperiodic floral response of Pharbitis nilx,2>. The light conditions required to initiate or reset these rhythms were investigated.
As has been shown in previous papers" 2>, two endogenous rhythms are associated with the photoperiodic response of Pharbitis nil; One is initiated by the beginning of the light period (the light-on rhythm) and the other is initiated by the beginning of the dark period (the light-off rhythm). The former is shown as a stepwise increase in the flowering responses progressing with increasing length of the dark period, and the latter as a rhythmic response to red light interruption, i. e. it has red sensitive phases with maxima 8 and 32 hours after the onset of darkness . A brief period of illumination gives the plant both a light-on and a light-off signal . An illumination of two hours or less (4000lux), however, is not enough to initiate its own rhythms when applied during the dark period out of phase with the rhythms which had been induced by prior treatmentl2>, i. e. the light-off rhythm initiated at the beginning of the preliminary dark period still persists after the 2-hour lightt period. A light period of 4 hours (4000lux) was sufficient to reset the preinduced rhythm". The question arises as to whether or not the intensity or color of light affects the intensity and effectiveness of the rhythms produced. Is transfer of the plants from light to complete darkness, or from complete darkness to light, required to initiate the rhythms?
If not, how much change in light intensity is required to initiate the light-on or light-off rhythm? The initiation of an endogenous rhythm may be influenced more by the duration of illumination than by the total amount of light received.
When the light intensity was reduced to 10 lux and given for 8 hours, the flowering response to red light interruptions differed significantly from the other response curves (Fig. 1) . The maximum inhibition occurred at the 12th hour point, red light given at the 8-hour point having little effect.
This suggests that the low-intensity light of 10 lux given for 8 hours after an 8-hour dark period is enough to initiate its own light-on rhythm which has the (300 dew/cm2 for 15 min.) applied at different times during the 48-hour dark period which was preceded by an 8-hour dark period and an 8-hour period of low-intensity light of 10, 70, 500, or 4000lux. preceding 48-hour period was 4 hours. TAKIMOTO, A. 243 most inhibitory phase 20 hours after the onset of the light period' (12 hours after the beginning of the dark period in this experiment), but is not enough to initiate a light-off rhythm which has the most inhibitory phase 8 hours after the onset of darkness.
When the light period was 4 hours (Fig. 2) , maximum inhibition by red light interruption was obtained at the 12th hour rather than the 8th hour with all light intensities. As has been reported previously'' 2), the time of effectiveness of the red light interruption is delayed and extended as the light preceding the dark period decreases. This phenomenon was interpreted assuming that the light-on rhythm was initiated at the beginning of the light period, and, together with the light-off rhythm, influenced the time of effectiveness of the red light interruption.
Experiment 2: Seedlings grown under continuous illumination of 4000lux were exposed to 10, 50, 250, or 1000lux of white light for 8 hours, followed by a 40-hour dark period (20°). Fifteen minutes of red light (300 iw/cm2) was given at different times during illumination with low-intensity light and during the dark period. As shown in Fig. 3 , when the intensity of white light during the 8-hour light period was 10lux, red light was most inhibitory when given at the beginning of the dark period.
When the intensity of white light was 250 lux or higher, red light was most inhibitory when given 8 hours after the beginning of the dark period.
This implies that the light-off rhythm was initiated when plants were transferred from 40001ux to 10 lux and proceeded normally under 10 lux. Transfer from 4000 lux to 250 lux was not enought to initiate the light-off rhythm although transfer from 250 lux to darkness was effective.
When the intensity of white light was 50 lux, flowering was strongly inhibited (see control level) and a red interruption given 4 hours after the beginning of the dark period was most inhibitory.
The oscillation of the light-off rhythm was greatly disturbed by this treatment.
A strong oscillation of the lightoff rhythm may be necessary for optimal flowering.
The light-off rhythm is considered to have a decisive role determining the critical dark period4>. This rhythm is initiated when plants are transferred from highintensity light to 10 lux and proceeds normally under 10 lux. Therefore, when a dark period is preceded by 4-or 8-hour low-intensity light of 10 lux, the critical dark period may be shortened by some 4 or 8 hours, respectively.
Such was the case in our previous experiments reported5,6,7>. Experiment 3 : Seedlings grown under continuous illumination were subjected to an 8-hour dark period, 8 hours of colored light at different intensities, and then 48 hours of darkness at 21°. During the first half of the 48-hour dark period, plants were exposed to 15 minutes of red light (300 pw/cm2) at different times. The results are shown in Figs. 4-7. Maximum inhibition of flowering is seen when the Bot. Mag. Tokyo Vol . 80 red light interruption was given 8 hours after the beginning of the 48-hour dark period provided the intensity of blue, green, or red light was 1000, 20, or 10 iw/cm2, respectively, or higher. This suggests that, for each spectral region , these intensities, but not lower intensities, are enough to initiate their own light-off rhythms . Even 1500,pw/cm2 of far-red light was not enough to produce such a rhythmic response to red light interruption (Fig. 7) . White light of 70 lux (30 ~Cw/cm2) , but not 10 tux (=4 ~cw/cm2), was enough to induce the light-off rhythm in Experiment 1. The minimum intensity for each color of light required to initiate the light-off rhythm is therefore 320-1000 ,uw/cm2 in blue, 5-20 pw/cm2 in green, 1.5-10 pw/cm2 in red, and 4-30 pw/cm2 in white light.
If the relative intensity of blue , green, red, and white is 1000 : 30: 12 : 30, each region of . the spectrum exerts the same effect for both light break and the reversion of the far-red eff ect3>. Spectral dependence of the light necessary to initiate the light-off rhythm is therefore very similar to that for light break or reversion of the far-red effect, thus suggesting that the same or similar pigments are associated with all of these reactions. Blue and far-red lights were very inhibitory to flowering (see control level in Figs. 4 and 7) , and the inhibitory effect increased with increasing intensity. This inhibition was overcome by red light given at the beginning of the dark period. Blue light at high intensities was effective in initiating the light-off rhythm, but far-red was not. Experiment 4: Seedlings grown under continuous illumination of 4OOO1ux from daylight fluorescent lamps were exposed to various intensities of colored light for 8 hours followed by a 40-hour dark period at 20 ° . During the period of colored light and the dark period, plants were exposed to 15 minutes of red light at different times. Results presented in Figs. 8-11 show that when the intensity of blue , green, and red light was 20, 5, and 1.5 ~Cw/cm2, respectively, the red light interruption given at the beginning of the dark period was most inhibitory, i . e. the light-off rhythm was initiated at the beginning of these colored light treatments and persisted under these colored lights.
When the intensity of blue, green, and red was 1000 , 100, and 40 pw/ cm2, respectively, or higher, the red light interruption was most inhibitory when given 8 hours after the beginning of the dark period, i. e. the light-off rhythm was initiated at the beginning of the dark period.
It is interesting that the low-intensity light given preceding an inductive dark period was most inhibitory when the intensity was between the two levels mentioned above , and at these intensities the light-off rhythm was greatly disturbed.
Blue and far-red lights were very inhibitory to flowering, but the inhibitory effects were overcome by giving a red light interruption , provided that the time of red irradiation did not fall in an inhibitory phase of the light-off rhythm produced. Blue light at a high intensity was effective in initiating a light-off rhythm when followed by a dark period (Fig. 8) , but far-red was not (Fig. 11) .
Experiment 5: A previous paper3> showed that the blue, green, red, and white lights have a similar effect when used for interruptions (light break) of the dark Then the plants were subjected to a 48-hour dark period (21°) and exposed to a 15-minute red light treatment at different times (Fig.  12) . In other experiment, plants grown under 4000 lux of white light were subjected to the colored lights with the intensities mentioned above, for 8 hours followed by a 40-hour dark period at 20°. Fifteen minutes of red light was given during the colored light and the dark period at different times (Fig. 13) .
In both experiments (Figs. 12 and 13), blue light was more inhibitory than others when no red light interruption was applied (control), but the flowering responses to red light interruptions were quite similar in all groups exposed to the different colors of light. This means that the flower inhibiting effect of the blue light (specific blue effect3~) was completely reversed by red light given in the dark period, and that blue, green, red, and white lights of 1000, 30, 12, and 30 ~Cw/cm2, respectively, were equally effective for induction of the light-off and/or lighton rhythms. 1) Takimoto, A. and ibid. 40: 852 (1965) . Hamner, 
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